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(57) Abstract 

A device for occluding a vessel employs one of a number of diffeicnt eipansion members joined to one or moie elongate members. 
The expansion member may include a braid, one or more coils, ribs, a ribbon-like stroctuit. a slotted tube, or a filter-like mesh. If the 
expansion member is enclosed by a suiuble mcmbrmc. the device seals with the vessel wall to partially or complesely occhide tte vessel. A 
pciforated membrane may be used to permit the perfusion of blood. The expansion member may be self-expanding, or it may be expanded 
by engaging it with one of the elongate mem'oers. Alternatively, the expansion member may be expanded by leating IL 
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OCCtOSim OF A VESSEt 
BadtBraand rf tht htfff^ 



Th. praaam imramian gaaafaty to th. oeebMn of a mart a pat««. and mora spadf ieally. 
to an apparatia and mathed of partiaSy or eampMr oedadinv • m»aL 
DatttiMian tf the Rptat>H /^rt 

Ananptt haratoiom ha« ba«, o«de to triit oecbsans in tha evotU artanas laadinp to tba bnku 
Howvar. «i, artariw hav. b.«, my difficult to tnat becao»> of th. pmlAy of dtHodghg pbqu. whch can 
•atar nhous anarial v.s«ls of the brain mi cau» pBm»n«n br«„ damaga. Attampt, .0 t»at »eti occk«ian< 
with bakon anpioplany h.« b«m tmitad batm. of „ch danpa^. In wn»ial t^onanu. ,ud, « 
aadanaraciomr, tha carotid artary ii i» and plaw» b .»no««J from tha maai i, ih. riit aru. Soeh augiai 
protadures ha«e substantial risk assodatad with tham «*id. can lead to morbidity and moruBty. 

h otbar procaduTtt, a«eh as in angiaplasty and a. the traamant of paripharal .rt»ia, and veins, tbwe h 
tha possUity that tha guida waa, and cathatars vni m nreh pracaduras during daptoymant of th. same may uo« 
dnlodgnaoi of dabri. or amboB which can ftow downstream and causa sarious damage such a, «,«ka if thay 
oetk«i, Uood flow in ,a«kr vassals. Thus, in sunoiBry. ambofaation and nigratim. of miao«diof dowutraan. 
to an nid oigan b a major concnn of cardiologistt during cathatariiationt. 

Thor. i, themfor. n..d for nmr Hid.iiiipravad apparatus and mathods wMch make itibssiUe to treat 
ocdided vetsais without endangering the peiient. 

Soinwrv of th. Imwntinn 

Tim presmt invmtbn s.tisiin ih. need (or a tfevica that occludes a vm.1. in pvtiariar, a vessel in a 
p«ie« und..-g.ing therapaitie or other medical untment. Any one of a number of diHerent e>p»»ion .xmbers 
et« pinod to one or more elongate members such es hypotubes to f.m, a device that completely or partiaUy ocdodes 
a vessel witim a patient. Tha aipension member m.y be saH^spambng. it may b. aipand«> by engaging h with 
one of the eloagate members, or it may be heeted to cause k to aipand. A nmbrana preferably surrounds the 
•sponsion miirtier so that a seel is made between the membrane and the vnseL Tha parlusiea of bkiod b aOawad 
a th. m«.drane b perforated. Partbl oedusbn may be abtainad withart e membren. if a suitable atpansion 
member b chosa. |„ „ on, ^ p,^, ^ ^ ^^^^ ^ ^ 

that can b. used with approved diagnostic .«i therapeutic da»ee. to reduci tha chaw, of emboi m^rating 
downstream. Alternstivaly, tha expansion mmbar msy anchor an aitravastular device wilhio a vassal 

One embedimem of the present inymtion is a devic for occkiding a vasoiiar segmem. ei wfaieh the daviea 
inekides on eipuiinn ,«mbef mi first mi second elongate mentors. The first elongete membe engages tha 
aipensbn member, and the secomi elongat. member suaounds th. fint elongate mmber. with the eipansion rrmber 
■ipemiing to oechide the vascular segm»n when one of th. .iongn. mnd,»s b moved tongrtudineOy. The 
Mpansbn member preferably imAides a braid, a coi. . ribborvike structure, a stoned tube, a pbraHty of ribs or a 
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filttr-lika nwh. The device imy ebo hckide naterial thai adjoins the expansion member tor creatug a partial or 
total seal with the vescular aepmem. 

In one particoJar vnbodiment the axpension member is m an uneapanded itete when it is surrounded by 
the eecand etongate member, but expands when the first elenoate meniier b pushed throuph the second eJonaate 
timber. In another erAodimem, both the first and second eloiqiMe members ere secured to the expansion men*er. 
and the expansion member expands as the first etonoate member is retracted. 

Another embodiment of the invention is a method of ocdudino 8 seoment whhin a vessel which includes 
the step of insertino first end second eionpete members into the vessel te be occloded lin which the first elongate 
nwnber adjoins an axpension mmberl folowed by the step of varying the position of at leut one of the elongate 
iwnberi so that the expansion member expands unt8 the vessel is completely or parlialiy occluded. In one 
cfhbodimem, the varying step includes retracting ont of the elongete members, end in another embodiment the 
varying step conprises pushing one of the elongate members through the other elongate member. Inyetenother 
method of ocdudhg e segnient vnthin a vessel an expansion member is teerted whhin the vessel and the expansion 
member is heated to cause it to expand untfl the vessel is at least partially occhided. Hating the expension member 
may nvolve. for exanide, pessing electrical cunem through it or passing warni solutbn over or neer it 

Brief Description of the Drawinoa 
FIG. 1 is a sid^elevatbnal view in sectnn of one embodiment of a catheter apperaius incorporating the 
prasent invention for ueating occluded vessels. 

FIG. 2 is a side^levational view in section simaar to FIG. 1 but showing the apparatus in FIG. 1 with the 
expansion member (in this case, a iBif-expandsbIa seal) deployed. 

FIG. 3 is I side^levational view vi section of another embodiment of a catheter apparatus incorporitng 
the present invention for treating occluded vessels. 

FIG. 4 is a ¥«w snaiar to FIG. 3 but showing the expansion member tn thu case, a seH-expandaWe seal) 

deployed. 

FIG. 5 is a schematic, longitudrot cress sectional view of an embodiment in which a membrane only 
partially surrounds a braid used as the expansion member. 

FIGS. 6A and 6B show end views of unperf orated end perforated membranes, raspectively. 

FIG. 7 is e schematic, tongitudinal cross sectional view of en embodiment in which a braid without a 
membrane is used. 

FIG. 8 is a schematic, longitudinal cross sectional view of an embodiment in which a fdter like mesh is used 
as the expansion member. 

FIG. 9 is a schematic, longitudinal cross sectional view of an embodiment in which e alotted tube is used 
as the eipansion member. 

FIG. 10 is a perspective view of the slotted tube used in the ambod'snant of FIG. 9. 

FIG. n is a schwnatic. longitudM am sectional view of an embodimem in which a coil Is used es the 
txpansion member, and the proximal end of a membrane surrounding tha coi adjoins the coil 
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FIB. 12 is ■ idBMtic. tonpjtudml cross sntion.! v«w of an ombodmnt n which a ci h u..d as the 
..P.n««n»nb,r. «„l th. p,ou«, -,d of . ^ eoi adjoin, a tt,at ,«rounds l«,h 

tint and second slongato mamfaan. 

FIG. 12A it », ombodimmi «miUr to flat stown in HB. 12. h «rtich rosistin haning b usad to aipand 
the aip3n«on m«nber. with cun«t b«no conduct*. tto«,gh wir« b«n, .tt«M to ethor tide of th. a,,a«i«„ 
mamber The expansiofl member as shown is partialy dapieral 

FIB. 12B is an .nbodiment simiar to that shown m RG. 12A. in which «««iv, hootino is us«i to .,p«»| 
tt» upansion n»nfaer. with cuf,«rt baing conducted thrauoh a wre being attach«l to the distal end of th. ipansion 
mamber and throogh a coating on the first doopate nwnbe,. The .ipansion member as shown is partially daptorrt. 

HG. 13 is a schonatic. side cross sectional «i.w of an embodiment in which a pturakty of ribbons are i»«t 
as the .ipansian mambtf. 

H5. 13A is an eTfaodim«n sbnilar to thet shown in FIB. 13. >. which a warm ^.taion panes between 
the hrs, and second ^,t, mamber, to transfer heat ,0 the espansion member. causinB i, ,. .spend. The 
eipansioa member as shown is pansBy deployed. 

FIG. 13Btt an ambodmnt simiar to that shown in FB. 13A. in wlach a warn, sdution passw through 
the first elongate m^ber to transfer heat to the expansion men*er. causinB it to espand. The ^pension member 
as shown is partially deployed. 

FIG. 13C is en ambcdimem smlar to that shown in FIBS. 13A ami 133, in which a warm sotation passe 
through on. or more ium«n in th. first .iongat. member to tranrf* h.at to th. .q»nsi.n member. c.u>ng it to 
eipand. The eipension membtr as shown is pvtialiy dapbyed. 

FIG. 14 is a schematic side cross sectional view of an embodiment in which a plurality of rbs are used 
as the upansion member. 

FIG. 15 is an isometnc view of an embodimem of the iivention in which a pull wire is used to deploy a 
pkirality of non-self-expandinp ribbons sorrounded by a membrene. 

FIG. 18 is a sile partial sectional view of the embodiment of FIB. 15 in which the ribbons an in th.ir 
relased, undeployed pothion. 

FIG. 17 is a «de .ieyatk>n,l view .f the embodiment of RG. 15 in whidi the ribbons are deployed, and the 
membranu makes a seal with the vesseL 

FIGS. ISAand show tonghudinal and end pwspective views, raspectrveV, of . loett^ mechanism 1^ 

with a wire that deploys an expansion member. 

FIG. 19 is a perspective v»w of an aharmtiva locking mechanism used with a wire that deploys an 
eiparaion msndiar. 

FIGS. 20A. 20B. 20C, and 20D show, mspectively. a brail, a fitter lik. mesh, a slotted tub,, nr^ e plurelity 
of coite. which can be used as eliernative espansion members in pbee of the rkbons in the embodimem of FIB. 15. 
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DttiiM DMcriTtion et thB Pitlentd Ewboitimims 
TUB npinsioR mn^vs disetinid taim iidktte braibj. wfe rta. rihiwittt itrucWM. siBttwl tubes, and 
f mr-iikB fmihK. TbBi ■xpanim nmbm may ta patthly eovarad or omviMaiT aunonaded by • mambrana or 
Btbar CDvarng to pravida eeekdioii or saalino al the msaL A» uwd harm -.eetoion- or -saaBnfl-. and the Ike. 
man partial ar eonvtota blodaga ol fluid flow in a nscular sagmant as it it aaraatimas pralarabia to allow 
perfusion. Moreovar. such aipansian nwnbart may ba dapbyad by variaos rnaebanieal means, alectncal iraans or 
thannamechaiwal maant. ate as dascribad haraiD. Eipansion mmbars ttnl are deplayad mechanically are preferably 
•spfin84»B" n natwa. U. they are preferably resilient to fadtata their deploymam or retractieo. 
Catheter AotaretuMS end S tH Einandino Braids 

One emboditmm of a catheter apparatus incorporating the present invention for treatinu oeckided vesseU 
is shown in Rgores I and 2. As shown therein, the catheter apparatus 651 consists of a flaiibla etonpata member 
652 wh«h is provided with proxml and distal eitreiitiBS 653 and 654. A coneaittional adapter 656 is monnted 
on the prosinal enremitY and is provided with e Touhy-Borst fhtina 657 whieb is in connunieation with a Ian* 
central hmam 658 eitending from the prosimal eitremrty 653 to the distal extremity 654. An upiration fHting 661 
is profidad an the adapter 656 as weO as an irrigation fitting 662. bath of which are in eonmnnication with the 
cential lumen 658. Howem. it should be appreciated that if desired, separate himens eon be provided n the flexible 
dongate nandier 652 for both of the fittings 661 and 662. 

Sett-expaading sniing mdhnan 655 is mounted on the distal extreraitv 654. ThiTseH^ipanding seeing 
rochaninn 666 can take any suitable f orot For lumpto. as shown it can consist of a braided structure 667 formed 
of a suitable shape mwary meter iai such ii • nickel tit.nun alloy that wil attempt to expand to a pr«leiemined 
shape mumoiy. Other than shape memory materiali. other materials such as stainlan staaU Elgiloy« titanium or 
other materisU can be utifaed r the breid 667 as long as they have the capability of expamlhg when the self- 
eipandng seal mechanism is relaesed. Also it should be appreciated that the seH-axpanding seal mechanism 666 
can be con^jrisad of an absorbem material which when it absorbs seine or blood axpamts to form a seal Such 
saab can be readily aecompished beceuse it h only necnaary to fomi a seal of approximately 1.5 psi to prwant 
small partidas from moving downstream. 

h order to prevem ebrasion of e vessel, it b desirable to cover the biailed stmctwe 667 with e covering 
668 ol e suitable nateriel such as e poJymer or a biocompatWe coating which eitends over the braided structure 
867 ind wNch moves with the breided stnjcture 667 es it expands and cortracts. The polymer can be of e suitable 
matBf >al such as xicone, C Ibx, polyethvlwe or PET which would fomi a good sealing engagement with the waU 
of the aner^. The covorinj 668 nay be perioiited to allow perfusion. 

A mechanbm is provided for compressing the selUxpwding saaii« nwtopisn 666 so that the apparatus 
can be inierted into the vessel 481 and consists ol an elongate ataeve 771 having pnximal ami distal axtranaties 
772 ami 773 aral a bore 774 extemling from the proximal eroenety 772 to the distal extremity 773. A colar 778 
is mounud on the proximal extremitv 772 of the sleeve 771 ami b positioned eeer the adapter B5B. The collar 776 
serves n » meeharesm lor retracting the sbeve as shown in Figure 2 to uncover the sett-expanding saalittp 
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n«h»iiim 666 .fur th. eatt,«,r h„ be«, d.plo,«l to p«™, th. „,.,^ 
■nd (ofmi »ai whh the aiteriU *un| tl» «ano« ip be treated. 

Another «nb.din-n, of a eaihater .pp„n„ ,„ maeb »e.,p.r,t«B th. prw«,t 

.nn...n « ^wn in FiBure: 3 and 4. A, .hown therm the qiparatu, 781 of a guidi, eath..« 7B2 

hamg f^xmi and di«al extrenrt., 783 «,d 784. As rtc»„. the dotal .«r.«tr 784 ii prodded «rith a pr^ 
f.rm«> b«.d of a con^ntkmal type. A cn„«,ti«n3l .tt,chn»„t 78B « ™u„t«i on the p,M .Rrertty 783. 
Sdf^pandin, .mI ^chanhn, 791 » mounted on th. di,tal .xtren«y 784 and « of the type hereinbefore deaerM 
m eenflenofl with the embodimant, «hown in Figura, 1 and 2. A ,lee« 796 aWbr to the aiem 771 of the 
pmmn .mbodi»Rt i, provided n th. ^ u,, e„ca3in, the «If «p,„din, „,l ™chani«„ 791 and 

for »IM»H, the same after it ha. bean disposal in an appropria.. position within a «„, .di.c«, m ocda«.n 
to be treatwl. Thu,. , ,lae« 796 it presided hivinB pr.»m.l and diaul .«n«iitie, 797 «,d 798 and having a bore 
799 en^din, from th. proiimal eatrenwty to the distal extr«nity which i, ,i«» i, receive ,he ^ide 
eathatar 782. It i, provided with a colar 801 on iB pm,i™i .«,«™y which i, «l.p,ed to be disposed outside 
the patent and whith is adapted to be g,„p«, by the physician for ^ .he sleeve 796 pro»maly to «„cov« 
.he seH^panding seal 791 after the apparatus has b«« deployed «, pernit the ,elf*w„«.n ef the aealing 
meehanum 791 to form a seal with the vessd waR as shown ei Figure 4. 

In acoordanc with th. h««nb.f ore d«cribed descHptions. it is .ppar«rt that th. apparatus can be raadOy 
deployed and serve the same function as th. main catheter. To accomplish this. th. ass«nbly 781 can be int>«h.c«l 
into th. f™„| wery and the distal utranity advancad into the d»i«t bcation h th. artwial vessel After it 
ha. been proprly positioned, th. phy«cian can retract the sImv. 796 to p«mi, th. seH^pending seal mechani»n 
791 to expand and to fom. , seal with the wall of the enerial vessel to occUe th. arterial ve«el and inerrupt 
th* flow of blood in the v«s.l to provid. . workk„ spac. distal of the oectasion formed. This prevent, smal 
l-rtides which may thwaftw b. dislodged fr«n moving down«r«m. Since a central bmen is evmiabl.. th. 
th«ap«rt« procedmes hereinbefors described can be employed with the catheter apparatus shown in Figure, 1 2 
3and4. 

Ahhough th. ,.l|.expanding sealing m.ehanism 666 {791| can b. deployed by letracting the sleeve 771 
(796) OS previously described, th. seaSng mech«««n cen also be deployed by pushing th. ftoide 1«.p.te R»mber 
B52 (guiding catheter 7821 through th. sl.,v. so that the ...ling mechanism can .ip»»|. TW, may be the preferred 
wn of dtploving th. „,ch.m,m 666 |79l|. if j, s,„ cl.ar,„ b.tw«, the eppeatu. 6St (78l> and 
th. vessri within which the ,pp.r«u, r.side,. to reduc th. rUk of damagirB ,h. p,ti.nfs vessel As dbeussed 
h.low in cnnectiofl with subsequent figuxe,, the „.|„o mechanisn, 666 (7911 may dt.nalivrty conprise menters 
««h .1 . coil a ribborNke ,tn«ure. a sloitui tub., or . fil,«.|ik. ^ ,„ „ch case, the sealing .mchanism 
aapands to partially or completely ocdude th. vessel in ,uuti.n. or ah.mativ-y. to «chor an mtravaseular device 
to the mseL 
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AHMBiwa Sctf-Froandmo Mentor? 

Another enAodrom umg a bniied structure 0 shewn schematitaBy in FIB. 5, in wttch a f luihle eiongau 
mnber 20 is disposed wfthin a saeend eloi«ate member 24 such as a hrpetube. A selt •ipendinD mechenism 28 
such as a braided smicture is secorad te the disU) end ef the elenvate mamfaar 20. preferably within an indentatiofl 
32 ef membr 20, The braided stnieture 28 is ortf pertialhr ancepsuhted l»y a preferably alastomeric nwnbrani 
36 that makes e seel with the patient's vessel 40. {A)ten»tiwly, e coatinQ such as a polymeric coating may be 
used in place of the membranes disctond heminj In thb end the other tmbodmnts. adhesive may be used to 
secure the seH-oxpandmg mechanism 28 end thi membrafie 36 to the etoooate member 20. In the etrbodimeni of 
no. 5. the braided stnieture 28 and membrane 38 are. designed to be asymmetrical vwth more material being 
concamrited at the proonsi side of the structure 28. The braidi of the embodimems disclosed herein mey be 
stainlus steel 304 or 400, tuperelsstic or heat activated Nitinel en iron base shape memory a8oy. or a polymer 
base, such as polyethylene or polypropylene. They may be constructed, for examplE. by using sundard equipment 
such as a braider. 

Afthough the embod'enent ef RB. 5 shows the f leside etongate member 20 connected to a puidewire tip 
44, ether technologies for guttng the device through the paticnf s vessel 40 may be used in thU ami the ether 
embedsnnits. such as a guidewire (either over the wee or angle eperator) or the aichange catheter method, as Is 
wel known n the ert. Also, ehhough not eiplicitJy shown in the embodknem of RG. 5 and the other erebodmenu 
herein, t>«sB eniwdknentt may tnckMie himens. aspiratkm and irrigatnn fittings, and collars ike those IkistrBted n 
FIBS. \< 

The mombrene 36 is pmferebly ki^ervious te the ffaw of blood (FIG. 8a) lor those appficatkms not riguking 
perfuskjn. although a peri oieted membrane 36* (RG. 6b) having numerous holes 37 therein may be used n other 
appfcations to altow the passage of blood. The holes 37 are preferaWy groater than 10 miaons in diameter and 
may be up to 80 microns or more in diameter to permit the passage of btood cells (nominally 6-10 microns in 
diameter) through the mombrene 36' while blockkig larger particulates such as embofi. Likewise, a perforated 
membrene 36' may be used in the other embodsnems disctosad heren. Antithrombogenic coatings can be used lej. 
heparin} to prevent thrombosis f omution. 

R5. 7 shows en endiodinent n which a brakled stnieture 50 is not enclnsed by a membrane. When the 
breided structure 50 comprises, for eianpte. e diamond mesh pattern in which adjacem v«res ere separated by ebout 
10-80 miaons, the braHed suucture pcnrvts the passage of rod btood cdU, whfie btecking the flow of matter thet 
rmy be undesirable, e.g, embo5 or other pankailates that may be fanned or dislodged during medical procedures. 
Thus, ihu entodiment is well suited for eppkcations for which perfusion is required. 

Ahemative self-eipanding media are shown in RGS. 8 end 9. In FIBS. 8 and 9, a saN-eipandinB filler-like 
mesh 60 and s seM^pendeig stetted tube 7Z respeclivelv, ere surrounded by ■ membrane 62 thet is preferably 
elastomeric. The filter-like mesh 60 (or slotted tube 72) and membrane 62 are bonded or otherwise secumd to e 
ftuiile etongete member 64. e.g- to an indentatnn therm. As with the other sdf-eipanding media disclosed herein, 
the filter4ike mesh 60 (or slotted tube 72) expands from its unexpended state when the flexible elongete member 
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B4 p^W ,hro»,h , 66. .r ^n.t«^. .hen .he rton,„. m^r 66 n 

rmcttd «er the f«, dona«. mnter 84. Th, li,«*e « «.r u*. 72) th« .xp.„d. « ,h« .he 
n».i»»» 62 ».m» , «al whh tl» ««, «. A * 70 .id, m ,»ding th, device *ro«ph 

m,- 6B. -n,. ft. 60 m to*. 72 «. .f . «dubl. ^ „«.h.I ««h „ ir.«n.l 

cr004or400,«,i„ta„,t..L Th. fth.,*. «h 60 b fibn« « b«n, «««^t to 
Th. dotted tub. 72 ha, . tanice^iic. ,pp.«.„c.. The .ten- ..b. 72 «r h. e«»m«t«,. for by 
mdiatioB , thin^ew tub. wfth , b«„ to fon« bote. « th. tub. in ti. .h.p. pri^„ „^ „ 
qu.drji.tw.ls. An unuprndtd. ttott.d tube 74 ii shown in RG. 10. 

FB. II llu«r«e, «»thw «nbodi«nt. in wMd. . cofl 60 «,m a, th. «df-«p,«|i„B «ch,nis„L The 
e«l 80 m b. i„t.B,.l)r f.nn«. wUh . fr« donpite m«t.r 82 o, b. o.h«w«. .pecieBr i.«ed to it e c by 
«-d., or br«i„, th. coi «, th. -.„wt. mwnbw 82. Th. eoO 60 i, «rro««d«l by . m«*r.„e 64 th,t .,p,„d, 
~«h .h. c.y wh«, i, is push- out Of . ««.«| do„„t. member 66. or .hem.tiv.ly. when the second etenpate 
«mber 86 is ,„„ th. coil 60. Thus. th. m.mbr.« form. . with th. surrounding v.ss.1 90. The 

"mbr.n. 64 «,y b. .,t.eh«i dir.ctiy to th. first rion^u m»*er 82. or .. , m«nbr 86 such „ . disk that is 
«. turn secured to th. coi 60 or th. firs, 82. A ,uid«rir. 92 for ,ui*„, th. d.vi» through 

th. v.„.l 90 may ba anached to the firn rtongw. member 82 or t. th. m«,to 86. H on. i, „s.d. 

An embod«»nt simiar to th.t ,h.wn in FIG. t1 i, lh.,trM.d h RG. 1Z h wl«h th. mmbrM. 64 is 
-cured a, the proiimal end to . separate sheath 94. In this th. shntb 84 .nd th. first el««.te m«ber 
82 are ei.ended topether over »d throuph, respectively, the second etonp.,. membw 86. Assembly may require 
prdo.dinB th. coil 80 threuph th. disui «nI of the second donpete merter 86. 

Another «nbodiment thet .mploy, , ,elf«p,«ii„o ^^j^ ,hown in FIG. 13. in which a ptoality ef 
rttons 100 make «m,« with a m«nbr.n. 102 whte they espand to urp. th. membran. towards th, wall of the 
vessel 104 where n makes a nal. Th. r»b.n, 100 of this embodiment are prriwabir ucur.d to . first rtonpate 
n«n*.r 106 at both end, of the ribbons, by. for «ampl,. BWn, th«„ in pUc Th, ri*on, may be OJIOl-O 004' 
X aOO^O.020- , 0.2!^1.0- strips of Niti™,,. s.,i„l.ss ««l EI,iloy« whid, .sp.«, wh.n „r,.d eut th. »cond 
.■ongmm^Tber 108. A guidewire tip "0 may b. u,«f for g^ding ,h. d.«c. thr«,„h th. v««l and is pr.fe,.hly 
MOired to th. distal .nd of th. first .tengat. member 106. 

FIG. 14 iBustmtes an «nbodim«« similar to the on. in RG. 13. in which ribs 120 such as wires form . 
of ,««cirQ.b, when they ..pand. The ribs 120 are surround.! by . m«nbr«» 122 that eq>.mls with 
the rib, ion. , seal wirh the ve„el 1 24. The number of rfcs 120 is p^fer.bly ., te«t three. The rib, 120 .r. 
P«f.raily .,t«hed directly to , frst elongate member 124 that b surr«inded by a second -onga.e n«nber 126. 
Tl» rrtii 120 themsehres are preferaWy mad. of a shape memory material ,„ch as NitincI er stainless steeL A 
pwdmrire tip 128 aids in guiding the dnic through the vessel 130. 

As in th. Dthar s.lf.up.nlins ombodimMits. th. self-.ip.nding mecbenism 100 (120) is in «, une,p««led 
Stat. »«en ««tosed by the second etonget. m«nl,er 108 (1261. and ..p»»is wh«, pu,h«» or pulled beyond if» 
second dongat. mender 106 (1261. 
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L Htit actwattd embodiptms 

neS. m md 12B Hustran how tlactrieal mom on bo ostd to oenorato boat to oxpind on expansion 
moRtof . A first olongoto mombsf 82' iaod o coO 8(r wiich adjoms it coB 80* and mombtr 82' beino similar to thoir 
imprimed countorpvts) is preforobly mode off boot octivatod NltinoL on iron bass shape memory otloy. or another 
material that expends when exposed to heat. As shown in RG. 12A. low profile, low resistwHy oiectricel fines 81 
end 83 preferably pass either through or elonp the second donpote member 86 end ere attechod (e^,. soldeiori) to 
the first oJonpate member 82' on either side of the coif 80*. When euirent is applied through the electrical fines 81 
and 83 (the power supply a net shown but is proferahfy outside the patientK the coi 80' heau op through resistivs 
heating, and the coil expands to urge the membrane 84 to contact the vessel waB 90. Altornatively, bs sbown in 
RG. 128, the first eiongtte nwnber 82' may have e coating 85 of gold or river. In this embodiment, the coated 
elongati member 82' is used to pass current (with mest of the current prefereUy being carried by the coating 85. 
so that most of the energy is deposhed in the coi 801. with the drniit being completed with a low resistivhy vwe 
87 that is prof erebfy connected (e^, selderedl to eithr the second eiongato member 86 or the sheeth 94. This 
principle of rwistive heating to upand e expwuion member can be eppSed to the other embodiments disclosed herein 
as weH 

RGS. 13A. 13B. end 13C Hhistrete how heat transfer ostng a fiqwd can deploy en expansion member. The 
rftibons 100' ere prof erebly made of heat acthrated WhinoL an kon base shape memory eioy.w enother materiel thet 
expands ivhen exposed to heat In the en^odiment of FIG. 13A. a worm safine solution 107 is passed between the 
first and second elongate members lOS and 108 and then over the meirtbrane 102. so that heat is transferred to 
the ribbons ICO'. As the riibons 100' heat up, they expand, thereby urging the meirtrane 102 against the vessel 
waR 104. As akistreted in RG. 138, the warm ubne solution 107 may also be passed through the first ekmoate 
member 106 and then ttwough holes 109 in member 106 so that the safine solution 107 more*rectly transfers heat 
to the riblions 100'. In this ertodimem. one or more holes 1 1 1 in the membrene 102 (distol to where the seal with 
the vessei well 104 is made) may bo used to albw the seline sohition 107 to ftow ewey beyond the riibons IOC 
after heat transfer to the rtobons occurs. As ikistreted in RG. 13C. the seine sobtion 107 moy eUo be passed 
through one or more closed loop coils or bmens 113 within the first etengate member 106. to this way. the ribbons 
100' end the patient's Uood are not exposed directly to eny solution. Using heat transfer can also be epplied to 
the other ombodirtwnis disclosed herein, provided the expansion member is suitebly constructed. 
2. Mechanicaihr deoloYed erftodimems 

Other non-seH-expanding seating mechanisms that can be used for ocduding e vessel ere described below. 
In the embodfnent of FIGS. 15-17. a first elongete member 140. preferably a pull wee. is (when the device is 
completely assembled) attached to o brace member 144 thet is in turn etttchcd to e first ring memiier 148. 
Adjoining the first ring nwrtber 148 end e second ring member 152 are a phirafity of ra>bons 156 that extend 
between the two ring members. Surrounding the ribbons 156 b a membreeo 160 that fomo a seal with the 
patient's vessel 162 when the ribbons are expanded. The membrane 160 is joined to et least one end preferebhr 



wo 99/42059 

.9. PCTAJS99/D3544 

b«h Of ,h. n«B 148 .ntf 152. Tta r«*»„ 160 c«, b. joM „„, ,h, ,48 

•»d 152. for »«mpl., »h« *, 160 hr enou,^ 1, to,cti.n ,0 p«™ ,»„ 

iwnbraDe to make • b9m1 imI with thi m«l 182 whw tin rUom 158 art doptoyal 

To auMibl. th. d.«,. lirtt «^ ri»8 mertm 148 Md 15Z th. rtilms 156. .nd the 

hok. 170 .nd 172. The br.ce 144 is waned thn«,h th. hela, 170 .»> 172 M ,ta,mt to both the 
pull w« 140 .nd .he im rinu m«rb.r 148. further. «- «e.nd ring member 152 i. secured t. the «cond 
aiangata member 166. Thi, auemblnl eeflliBu,.,ien. with the ribbon, 158 n their lon,i,«iinal orientatien. i, 
iunrated » FIG. 16. A, ito«r.,«» m 06. 17. who. the pull wire 140 i, retracted, th. ribbon, 156 W»w„ in 
Ph«t.m)end the membrane 160 that ^rounds than are arjedtow^d, the msel 16Z wh«. the „»mbr.«, make, 
a «l «th •a.aal The ribbon, 180 are prrtarabl, re.li«« „ that .h.y to their .3„„,„d«., 
«««.ti«. When the p„n wira 140 i, raleaaed. Th, eiawidty re«l,„c. .f ,h. p„« ,40 .bo hdp, the 
156 return ,0 their undepleyed eonfiporation. A ,ip ,71 b. ^ „ 3^, „ ^^.^ ,^ 

ilawce to the deared locatien in the venei 162. 

A preferred way of rMractiv the puU win 140 b ,bawn in HGS. 18A and IBS. FIG. 1BA .haw, th. pull 
Wire 140. which i, an.ch.d .0 the brace member 144. A nnatabia handle 180 i, attached to . bdcin, mento 
184 wnich m turn i, f,«.«d t. th. puR wire 140. When th. tockng member 184 clur. th. mond donpet. 
merrbe- 166 within which it reale, hvhkh is p„lera6»y out«d. the petiwj. rh, lockb, n»nber and latnabh 
t-ndta 180 nB, be oriented e, ilk„,rat.d I, FIG. 188 to keap th. pidl wire 140 ,«,9ht thereby prevemino the 
sealin, meehanin, from returning to hs undeployd position. Th. pull wire 140 may be made of «.inle« or nitM 
and may have a diameter of 0.006-01X18 inch.,, lor a catheter having an DJD. cl OJDU; for eiample. 

An aharnathre to the dmioymem apparatos ilustratad in RGS. 18A and 188 is shown in FIG. 19, in which 
a hank, member 190 i, gresped by the dndan to retract the pul wire 140. thereby deployino the seeing 
«-eb.n«a Once astemled. the ming mechanism preferably ha. th. t«Hle«cy ,e ranun to h, o«leptoy«f positioa 
the procew pub the pu« wire 140 heck «to the second otonBatemwhe, 186. TW, can ha prevented by 
wartirw , ,p,cer mwnber 194 between the handle m«d>er 190 ami the aeomd atongate menter 166 Alter the 
m-Scal procadur. is complete, and ocdwion .1 the vessel i. no tanper n^^, the ,p«er member 194 con be 
r«.«v«l and the puU wr. 140 end the mfc, n»ch,ni»n returned to that respective undepleyed po»ti»a. Th. 
•tavice can then be removed Irom th. patient. 

Although the principl. of using a non-s.)f«panding mechanism has been Ihistrated in FIGS. 15-17 with 
raspect to def ormaMe ribbons, other non sell-eipsndino mechanisms, a, ahotrated in FIGS. 20A.20D. can be employed 
a. eanjunction with the brec. member 144 and the first and second ring nmbers 148 and 152. For OMmpte. 
iMtMd .f using ribbon. 156. a ooo-,e»^,p,„ding braided «n,eture 200 can be os«l. in which th. braided .tnrcture 
200 .Ijoin, fi,« end second ring member, 148 and 152 and i, owerMl with a mwnbran. 160 to fonn th. unit 204 
*ow» « FIG. 20A. The unit 204 c«. be u«d in cnjumrtian with an dongat. member 166. e br.ce m«nb« 144. 
a puriawir. tip 171. a first atongate member 140 soch as a puB wire, a routahbihafldb 180. ami a locking memher 
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184 to form a iwm onategow to tho ribboivbasad dfvict of FIG. 15. Altamathreiy. other mtchonisns can be used 
for aacurng tba pu(l wka 14D, such as a hindla mambar 190 and a spacer mombar 194. 

Othar norvsalt-Bxpandino machanisms such as a fitar-ffta mash 208. a slotted tuba 212. and cofls 216 can 
ba uMd to form nts 22a 230. and 240 analooous to tba braidad stnictura unit 204 as shown in R6S. 208. 20C. 

5 and 200. Units 220. 230. and 240 can fkawisa ba ussd to construct davieu analogous to the itbbon^asad davice 
ihistrated in R6S. 15-19. Further, if unh 204 » usad withoirt a membrane, it rnay assist in bioo^ 
braifad stmctore 200 is uitablr constructal Alternatively, perforated membranes 6ka membranes 36' of FIG. 6B 
may ba used to pamit blood perfusion. Attbaugh tha ribbons tSB. the braided structnrt 200. the f9ter ike mesh 
208. the slotted tube 212. and the cotb 216 must be ectwely deployed (e4|. with a puU wire 140». they are 

10 navartlvdeis siniar to their self-expanding counterparts. 

It should be understood that the scope of the present mention is not be Emited by tha ftistrations or the 
foregoino description thereof, but rather by the eppanded claims, and certain variations and modifications of this 
invention wH suggest themselves to one of ordinary sUI in the art 
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WHAT IS CLAIMPI^ |S » 

1. A devicB ier occluilino a vascultr sagmim. coii9riiin0: 
an eipansion irambsr; and 

antf mond elonDm m«rt«. »l «« d»Bm n»nb« «q„pB, »ml «p»»on m« ml 
»«< ..cimd rion,.,, m-nb,r „«, fr« ^„ ^ ^ ^ 

p»t.lK occkidB th. mate legcmnt when en. of said ■lonffat. mnten b moMd longiudiMly. 

2. The deme of Qaim 1, further samt • melorW thet edjeins uid npansion member for 
creetHiQ i teil with the vascubr sigmBm. 

3. The device of Cbini Z wh«»n s«d meteriii does net completely encapsubte said etpaosion 

member. 

4. ThB detici of Claim 1, wherein said expansien memlmr is a filtef.ice me<h attached to an 
indentalion within said first elongate monber. 

5. The device of Clain 1. wherein said eipansion mambar is in en onexpanded state when il is 
surrounded by said second alonoata mflmbar. 

6. The device of Cbim 5. wherein said expansion member expamis when said first elonoata membv 
is pushed throuoh said second elonoate member. 

7. The device of Cbvn 5, wherecrt said expansion member is seH-azpanding. 

B. The device of Claim 7. wherein said self-expandino member comprises a men«.r selected from the 
group ccnsisiing of a braid, a coi, a ribbon like structure, a sbtted tube, a pfairahy of ribs and a fiterae mesh. 

The device of Claim K wherein said second efongate member b elso secured to said expansion 



9 

metrdKr. 

10. 
retracted. 

11. 



Die device of Claim B. wherein said eipansion member expands as said first elongate mendier b 



The devica of Claim 9, wherein said expansion member comprbes a menter setected from the 
group consbting of . braid, a pkiralhy of coSs. a nbbon^ke structuri^ a alotted tube^ ami a fiter^e mesh. 

12. The devica of Ciahi 9, wherein said expension member expends as the relative position of said 
first and second elongate members changes. 

13. A method of ocdudinp a sagmnt within a vessel con^rismg: 

inserting first and second elongate members into the vessel wherein the first elongate member adfoiis an 

eipansion member: and 

varying the position of at leasi one of the elongate members so that the eipansion meirter expamts unti 
the vessii b occkided. 

H. The method of Cbim 13. n which said varyng step comprbes reuacting one of the elongate 

members. 

15. The method of Claim 14, in which said retracting one of the elongate nmbers causes the 
expansion member to expend. 
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16. The mBthod of CUm 14, in which the MpiMion wmbtr adjoins both tlongitt mwnbors, and the 
ralathn poahian of tbi tloogata mambart is wiiad to axpand tha aipauian mambar unta tha f assai is acckidod. 

17. Tha mathod of Clain 13, in which said varying step comprises pushing ana of the etongate 
members through the ether elongeta member. 

18. The method of Claim 13. fitrthar comprising: 
periofinng a imdlcat procedure naar the eccfuded sttc and 

retrisvBV the dongate members and the expansion member from the msd. 

19. A method, conmrising: 

inserting en expension mamber within tha vesseb and 

heating the expansion member to cause It to expand unti the vessri is at least partially ocduded. 

20. The method of datn 19, in which the expansion meiriber is comprised of e material selected from 
the group consisting of heal activated Nitinol end en iron base shape memory aDoy. 

21. The method ef Cleim 19, in which said heating the expanuon member comprises passing electrical 

current through it. 

ZL The method of Cbtm 19, in which seid heeting the expansien member comprises flowing warm 
solution near the expansion member to heet up the expension member. 
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